MAN CHFSTER

824
The University of Manchester

The University of Manchester Research

Blood Pressure and Risk of Vascular Dementia: Evidence
from a Primary Care Registry and a Cohort Study of

Transient Ischemic Attack and Stroke

DOI:
10.1161/STROKEAHA.116.012658
10.1161/STROKEAHA.116.012658

Document Version
Accepted author manuscript

Link to publication record in Manchester Research Explorer

Citation for published version (APA):

Emdin, C. A., Rothwell, P. M., Salimi-Khorshidi, G., Kiran, A., Conrad, N., Callender, T., Mehta, Z., Pendlebury, S.
T., Anderson, S. G., Mohseni, H., Woodward, M., & Rahimi, K. (2016). Blood Pressure and Risk of Vascular
Dementia: Evidence from a Primary Care Registry and a Cohort Study of Transient Ischemic Attack and Stroke.
Stroke. https://doi.org/10.1161/STROKEAHA.116.012658, https://doi.org/10.1161/STROKEAHA.116.012658

Published in:
Stroke

Citing this paper

Please note that where the full-text provided on Manchester Research Explorer is the Author Accepted Manuscript
or Proof version this may differ from the final Published version. If citing, it is advised that you check and use the
publisher's definitive version.

General rights

Copyright and moral rights for the publications made accessible in the Research Explorer are retained by the
authors and/or other copyright owners and it is a condition of accessing publications that users recognise and
abide by the legal requirements associated with these rights.

Takedown policy

If you believe that this document breaches copyright please refer to the University of Manchester’s Takedown
Procedures [http://man.ac.uk/04Y6Bo] or contact uml.scholarlycommunications@manchester.ac.uk providing
relevant details, so we can investigate your claim.

OPEN ACCESS

Download date:25. Aug. 2022


https://doi.org/10.1161/STROKEAHA.116.012658
https://doi.org/10.1161/STROKEAHA.116.012658
https://www.research.manchester.ac.uk/portal/en/publications/blood-pressure-and-risk-of-vascular-dementia-evidence-from-a-primary-care-registry-and-a-cohort-study-of-transient-ischemic-attack-and-stroke(8a89a083-253a-4cd1-948c-42f486a652f4).html
/portal/simon.anderson.html
https://www.research.manchester.ac.uk/portal/en/publications/blood-pressure-and-risk-of-vascular-dementia-evidence-from-a-primary-care-registry-and-a-cohort-study-of-transient-ischemic-attack-and-stroke(8a89a083-253a-4cd1-948c-42f486a652f4).html
https://www.research.manchester.ac.uk/portal/en/publications/blood-pressure-and-risk-of-vascular-dementia-evidence-from-a-primary-care-registry-and-a-cohort-study-of-transient-ischemic-attack-and-stroke(8a89a083-253a-4cd1-948c-42f486a652f4).html
https://doi.org/10.1161/STROKEAHA.116.012658
https://doi.org/10.1161/STROKEAHA.116.012658

romin Ve Stroke

Heart Stroke
Association | Association.

Manuscript Submission and Peer Review System

URL: http://stroke-submit.aha-journals.org

Title: Blood pressure and risk of vascular dementia: evidence from a

primary care registry and a cohort study of TIA and stroke

Manuscript number: STROKE/2016/012658R2

Author(s): Connor Emdin
Peter Rothwell
Gholamreza Salimi-Khorshidi
Amit Kiran

Nathalie Conrad
Thomas Callender
Ziyah Mehta
Sarah Pendlebury
Simon Anderson

Hamid Mohseni
Mark Woodward

Kazem Rahimi



Blood pressure and risk of vascular dementia: evidence from a
primary care registry and a cohort study of TIA and stroke

Connor A. Emdin HBScl, Peter M Rothwell FMedSciZ, Gholamreza Salimi-Khorshidi DPhiIl,
Amit Kiran Pth, Nathalie Conrad MScl, Thomas Callender MBChBl, Ziyah Mehta DPhil 2,
Sarah T Pendlebury DPhiIZ, Simon G. Anderson PhD', Hamid Mohseni PhD*, Mark
Woodward PhD"* * Kazem Rahimi DM MSc*?

1The George Institute for Global Health, University of Oxford, Oxford, UK

Z Stroke Prevention Research Unit, Nuffield Department of Clinical Neurosciences,
University of Oxford, Oxford, UK

3 The George Institute for Global Health, University of Sydney, Sydney, Australia
4Department of Epidemiology, Johns Hopkins University, Baltimore MD, USA
5Division of Cardiovascular Medicine, Radcliffe Department of Medicine, University of

Oxford, Oxford, UK

Correspondence to:

Prof Kazem Rahimi, Oxford Martin School, University of Oxford
34 Broad Street, Oxford OX1 3DB, United Kingdom

Tel: +441865607200; Fax: +441865607202;

Email: kazem.rahimi@cardiov.ox.ac.uk

Subject Codes: Etiology: epidemiology, High blood pressure

Word count: 4941



Abstract

Background and Purpose: Vascular dementia is the second most common form of

dementia but reliable evidence on age-specific associations between blood pressure
and risk of vascular dementia is limited and some studies have reported negative
associations at older ages.

Methods: In a cohort of 4.28 million individuals, free of known vascular disease and

dementia and identified from linked electronic primary care health records in the UK
(Clinical Practice Research Datalink), we related blood pressure to time to physician-
diagnosed vascular dementia. We further determined associations between blood
pressure and dementia in a prospective population-based cohort of incident TIA and
stroke (Oxford Vascular Study).

Results: Over a median follow-up of 7.0 years, 11 114 initial presentations of vascular

dementia were observed in the primary care cohort after exclusion of the first four
years of follow-up. The association between usual systolic blood pressure (SBP) and
risk of vascular dementia decreased with age (HR per 20 mm Hg higher SBP = 1.62,
95% CI 1.13-2.35 at 30-50 years; 1.26, 1.18-1.35 at 51-70 years; 0.97,0.92-1.03 at 71-
90 years; p trend = 0.006). Usual SBP remained predictive of vascular dementia after
accounting for effect mediation by stroke and TIA. In the population-based cohort,
prior SBP was predictive of 5-year risk of dementia with no evidence of negative
association at older ages.

Conclusions: Blood pressure is positively associated with risk of vascular dementia,

irrespective of preceding TIA or stroke. Previous reports of inverse associations in old

age could not be confirmed.
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Introduction

Vascular dementia is the second most common cause of demential and is increasing in
prevalence in developing countries.2 Vascular dementia usually occurs in association
with vascular risk factors or after transient ischaemic attack (TIA) or stroke3 and
commonly manifests with a decline in cognitive function, apathy and depression, and

can eventually result in death.14

Blood pressure, a known causal risk factor for strokes, has also been identified as a
potential risk factor for vascular dementia.6 However, studies have reported conflicting
results on the relationship between blood pressure and vascular dementia (Supp.
Table I).6 Previous analyses of healthy cohorts and patients with previous diagnosis of
TIA or stroke have suggested a positive association between midlife blood pressure
(age 40-50 years) and future development of dementia, including vascular dementia.”-?
However, several other studies have suggested that low blood pressure in old age is

associated with an increased risk of dementia (Supp. Table I).10.11

The reported negative associations between blood pressure and risk of vascular
dementia at older ages may be due to “reverse causality”, that is, vascular dementia
causing low blood pressure, due to loss of sympathetic drive, rather than low blood
pressure causing vascular dementia.l2 Null or negative associations could also result
from the prior prescription of BP lowering drugs. Previous studies have been relatively

small, limiting their ability to study these interactions reliably (Supp. Table I).



To clarify these uncertainties, we sought to determine the associations between blood
pressure and risk of vascular dementia both in individuals without prior TIA or stroke
and in individuals after TIA and stroke. We therefore undertook an analysis of 4.28
million individuals free from vascular disease and dementia in a contemporary United
Kingdom primary care population, supplemented with an analysis of a prospective

population-based cohort of patients with TIA and stroke in the Oxfordshire region.

Methods

Data sources, population and exposure

We utilized linked electronic health records which have been validated for
epidemiological research!3 and previously used to examine the relationship between
blood pressure and vascular events.1#1> We used data from the Clinical Practice
Research Datalink (CPRD, primary care records), linked to Hospital Episode Statistics
(HES, hospitalization records) and Office of National Statistics Mortality data (ONS,
cause-specific mortality records). All baseline and exposure covariates were defined
through the primary care database. Outcomes (i.e. diagnoses of vascular dementia)
were defined as the first event from any of the linked data sources, as previously

performed.16

Patients were eligible for inclusion if they were between the ages of 30 and 90,
inclusive, and had a blood pressure measurement performed between 01/01/1990
and 01/01/2013 at their general practice. We excluded individuals above the age of 90
at baseline who were viewed as being more likely to have undiagnosed vascular
dementia causing lower blood pressure (that is, more likely to suffer from reverse

causality). Patients additionally had to have their age recorded and registered at a



research-standard general practice for at least one year. Baseline covariates, including
body mass index (BMI), smoking status, total cholesterol, HDL cholesterol, diabetes
were defined using existing phenotyping algorithms.17 The baseline value for each
covariate was defined as the closest measurement within two years of the baseline
blood pressure measurement of the covariate. To minimize the risk of reverse causality
and confounding (e.g. pre-existing cardiovascular disease causing a reduced blood
pressure while predisposing individuals to an increased risk of vascular dementia), we
excluded all individuals with pre-existing cardiovascular disease. This was defined as
any diagnosis (either during hospitalization or in primary care) prior to the baseline
blood pressure measurement of ischemic heart disease (including angina and
myocardial infarction), cerebrovascular disease, peripheral arterial disease, heart

failure, atrial fibrillation or chronic kidney disease.

Endpoints

We utilized an inclusive definition of vascular dementia (ICD 10 code: FO1, Read codes
provided in Supp. Table II), defining it as any form of dementia with a physician-
diagnosed vascular component. Therefore, for our primary analysis, we considered
vascular dementia to be all cases of vascular dementia regardless of the co-existence of
Alzheimer’s disease (i.e. mixed dementia). As a secondary analysis, we excluded all
individuals diagnosed with Alzheimer’ diseases as well as individuals prescribed
donepezil, galantamine, memantine and rivastagime, which are largely used to treat
Alzheimer’s disease.18 For all analyses, participants were censored at the earliest of an
occurrence of the primary outcome, transfer out of practice, death or last collection

date of practice. To minimize the risk of reverse causality!?, that is, undiagnosed



dementia causing low blood pressure, the first four years of follow-up were excluded

in the primary analysis.

Statistical Analysis

Cox models, stratified by practice, were used to determine hazard ratios for the
association between blood pressure and risk of vascular dementia, while accounting
for clustering of patients by practice. Blood pressure was analysed both as a categorical
variable, which does not assume any particular shape of the association between blood
pressure and vascular risk, and as a continuous variable, which assumes a linear
relationship. The primary analysis was adjusted for age, sex, body mass index and
smoking status. Proportional hazards assumption was tested by plotting Schoenfeld
residuals. Multiple imputation using chained equations, was used to impute missing
covariates (BMI and smoking for the primary analysis, total cholesterol and HDL
cholesterol for the secondary analysis); five imputations were generated. Regression
dilution bias was adjusted for using serial measurements of blood pressure (Supp.

Methods).

Sensitivity analyses

Five sensitivity analyses were conducted. First, models were further adjusted for total
cholesterol, HDL cholesterol and the presence of diabetes. Second, models were further
adjusted for socioeconomic status and for year of the initial blood pressure
measurement, as a categorical variable (1990-1994, 1995-1999, 2000-2004, 2005-
2009, 2010-2013). Third, individuals prescribed antihypertensive medication or lipid
lowering drugs at baseline or during follow-up were excluded. Fourth, individuals with

mixed dementia (i.e. diagnosed with both Alzheimer’s disease and vascular dementia)



and individuals diagnosed with vascular dementia, but also prescribed donepezil,
galantamine, memantine and rivastagime were excluded. Fifth, events within the first
zero to two, two to four, four to six, six to eight, and over eight years of follow-up for
individuals aged 71 to 90 were examined to determine if previously described inverse
associations between blood pressure and risk of dementia in old age were due to

reverse causality.®

To investigate to what extent the potential association between blood pressure and
vascular dementia was mediated by stroke or TIA, we adjusted for occurrence of stroke

or TIA during follow up (Supplementary Methods).

Oxford Vascular Study Cohort

To confirm findings independently, we studied the association between prior BP and
subsequent risk of dementia in a population-based cohort of all individuals with a first
TIA or stroke (Oxford Vascular Study; OXVASC) recruited from 1/4/2002 to
31/3/2012. The methods of ascertainment and follow-up in OXVASC have been
reported previously?29, and are summarized in the supplementary appendix. This
cohort has two advantages in relation to the described primary care cohort. First, all
patients underwent cognitive screening after their initial TIA or stroke to exclude pre-
morbid or baseline dementia and the subsequent diagnosis of dementia was made by a
dementia specialist physician, based mainly on prospective face-to-face follow-up in
clinic or at home using a multi-domain screening tool (Supp. Methods). These
assessments were made without knowledge of the data on prior blood pressure, which
were collected by independent investigators from the primary care records, thereby

reducing the potential risk of biased outcome reporting and classification because of



differences in BP. Second, since the predominant type of dementia in this cohort is
vascular, we were able to study the risk of all dementia on follow-up, thereby
eliminating any potential diagnostic bias whereby cases of dementia were more likely
to be diagnosed as “vascular dementia” because of a history of hypertension or in light
of recent BP readings. The five-year risk of new dementia during follow-up in OXVASC
was related to mean pre-morbid blood pressure based on all readings recorded in
primary care records since 1990 using a Cox model with and without adjustment for

age, sex, smoking and BMI.

Results

In the primary care cohort, 4.7 million individuals had at least one acceptable blood
pressure measurement at baseline and were eligible for inclusion in the analysis (Supp.
Figure I). 12 449 individuals were excluded for a prior diagnosis of dementia and 405
516 individuals were excluded for prior vascular disease, leaving a cohort of 4.28
million individuals, free of vascular disease and dementia. Baseline characteristics are

provided (Supp. Table III).

In total, 14 934 patients were reported to have vascular dementia during follow-up.
3820 of these presentations were recorded in the first four years of follow-up and
excluded from the primary analysis. Therefore, 11 114 cases of vascular dementia were

included in the primary analysis.

The association between usual SBP and risk of vascular dementia appeared broadly
linear within the age groups of 30-50 and 51-70 (Figure 1). No clear evidence of a nadir
was observed, although floating risks appeared to plateau at approximately 120 mm

Hg SBP in both the 30-50 year and 51-70 year age groups. In contrast, in the age group



of 71-90 years, floating risks of vascular dementia showed no significant association
with baseline SBP. The strength of association per 20 mm Hg higher usual SBP
diminished with increasing age category, from an HR of 1.62 (95% CI 1.13, 2.35) in the
age group 30 to 50 years, to an HR of 1.26 (95% CI 1.18, 1.35) in the age group of 51 to
70 years, to an HR 0of 0.97 (95% CI1 0.92, 1.03) in the age group 71 to 90 years (p trend
=0.006, Figure 1 and Figure 2). There was no evidence of interaction by sex (Figure 1).
Estimates for usual baseline diastolic blood pressure (DBP) were similar (Figure 1 and

Figure 2) to usual SBP.

Estimates per 20 mm Hg higher SBP were similar when models were further adjusted
for total cholesterol, HDL cholesterol and baseline diabetes (Supp. Figure II) and
baseline BP measurement period (Supp. Figure III). When individuals prescribed
antihypertensive and lipid lowering therapies at baseline or during follow-up were
excluded, the HR per 20 mm Hg higher SBP was strengthened in the age group 51-70
years (HR 1.56 CI 1.31, 1.85), although there were too few events to reliably ascertain
the association in the age group 31-50 years (Supp. Figure IV). Estimates were similar
when individuals diagnosed with Alzheimer’s disease or prescribed anti-dementia
drugs (in addition to a diagnosis of vascular dementia) were excluded (Supp. Figure V).
Overall for individuals aged 70 years or less at baseline, 20 mm Hg higher usual SBP
was associated with a 26% higher risk of vascular dementia (HR 1.26 C1 1.17, 1.34,

Figure 3).

When only events in the first 2 years were considered, significant negative associations
with both systolic (HR 0.51 CI 0.45, 0.56 per 20 mm Hg higher usual SBP) and diastolic

blood pressures (HR 0.61 CI 0.54, 0.70 per 10 mm Hg higher usual DBP) were observed
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for the age group 71-90 (Figure 4). However, progressive examination of greater
lengths of follow-up reduced the measured negative association for both systolic and
diastolic blood pressure. Indeed, after exclusion of the first eight years of follow-up, no
significant association with systolic blood pressure or diastolic blood pressure was
observed. Tests for interaction by period of follow-up were highly significant (p

heterogeneity < 0.0001).

In the primary care cohort, a total of 27 316 TIA events and 38 199 stroke events were
observed after exclusion of the first four years of follow-up. Adjustment for both TIA
and stroke reduced the HR to 1.18 (CI 1.10, 1.26), indicating that 30% of excess risk of
vascular dementia per 20 mm Hg higher SBP is mediated through future stroke and

TIA (Supp. Figure VI).

In the OXVASC cohort, 1680 patients with a recent first TIA or stroke did not have
dementia at baseline assessment. Mean (IQR) age was 74 (64-82) years, 823 (49.2%)
were women, 232 (13.8%) were diabetic, 739 (44.0%) had never smoked, and 985
(58.6%) were on prior BP-lowering medication. During 5-year follow-up 314 patients
developed new dementia. Risk of new dementia was unrelated to the most recent pre-
morbid SBP or DBP in patients (Table 1). However, there were significant positive
associations with both DBP and SBP in 5-9 years prior to the TIA/stroke and
particularly 10-20 years prior (Table 1). These associations were stronger in patients

aged<75 years and those not on prior BP lowering drugs (Supp. Table IV).

Discussion
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In our main analysis of 4.28 million individuals and 11 114 presentations of vascular
dementia, blood pressure was found to be continuously associated with future risk of
vascular dementia, with a possible plateau at 120 mm Hg. The association between
blood pressure and risk of vascular dementia declined with increasing age, from a 62%
higher risk per 20 mm Hg higher SBP in the age group 30 to 50 years, to a non-
significant association in the age group of 71 to 90 years when early events after start
of follow-up were excluded. A large proportion of the association between blood
pressure and risk of vascular dementia in the age group 30 to 70 years was mediated

by future stroke and transient ischemic attack.

Findings were broadly similar in our analysis of the risk of new dementia in the
OXVASC patients with TIA or stroke. Indeed, a major strength of our study is the
combination of the “big data” from the CPRD with the more deeply phenotyped
prospective population-based data from OXVASC. Risk of dementia within 5-years of
recruitment into OXVASC was unrelated to the most recent pre-morbid blood pressure,
but no statistically significant negative associations were observed even in this group.
Significant positive associations with both DBP and SBP were observed with

measurements 5-9 years and 10-20 years prior to the TIA or stroke.

Previous studies (Supp. Table I) have been limited by relatively small sample sizes and
have provided conflicting results on the relationship between blood pressure and
vascular dementia. In an analysis of the relationship between midlife blood pressure
and vascular dementia, with 38 presentations of vascular dementia, SBP was
significantly and positively related to the risk of vascular dementia (OR 1.33 CI 1.14,

1.56 per 10 mm Hg higher SBP).° In contrast, in an analysis of 6668 participants aged
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55 years and older with 46 presentations of vascular dementia, no significant
association between SBP and risk of vascular dementia was observed.1? An inverse
association was observed in a cross-sectional analysis of 1642 individuals, with
hypertensive individuals (SBP > 140 mm Hg) having a 50% lower odds (OR 0.5 C1 0.27,

0.92) of developing vascular dementia than non-hypertensive individuals.1?

Our results characterize the age-dependent relationship between blood pressure and
risk of vascular dementia and support the previously reported positive associations
between blood pressure in mid-life and vascular dementia. Our estimate of an HR 1.62
(CI1.13, 2.35) in the age group 30 to 50 years in the primary care cohort is consistent
with that of Yamada et al., who estimated an OR of 1.77 (CI 1.30, 2.43) per 20 mm Hg
higher SBP in a population where the large majority of participants were at age 30 to
50 years at baseline.? However, contrary to previous analyses suggesting that late-life
blood pressure has either no association or an inverse association with risk of vascular
dementia, our results demonstrate that elevated blood pressure in the age range of 51
to 70 years is a significant a risk factor for vascular dementia and refutes earlier
reports of an inverse association between blood pressure and risk of vascular
dementia in the age range of 71 to 90 years. Although we observed a negative
association between systolic and diastolic blood pressure and risk of vascular
dementia within the first two years of follow-up, consistent with previous analyses1i,
this association disappeared after excluding the first four years of follow-up. Similarly,
in the OxVASC cohort of patients with symptomatic cerebrovascular disease, there was
no suggestion of a negative association even at age>75 years. These results suggest

that previously reported inverse associations between blood pressure and risk of
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vascular dementia are due to reverse causality, and are not due to reduced cerebral

perfusion causing vascular dementia, as has been previously suggested.612.21

Recent studies have suggested that elevated blood pressure may be unassociated with
incident Alzheimer’s disease?2, and or may be inversely associated. 23 These findings,
which differ from the current analysis, may be due to methodological differences or
may reflect genuine differences in the pathophysiology of vascular dementia relative to
Alzheimer’s disease. In favor of the former hypothesis is evidence of a shared
pathology between Alzheimer’s disease and vascular dementia, which suggests that
classification of either disease is not rigid.24 Furthermore, vascular dementia may
represent a heterogeneous group of disorders with differing pathophysiologies and
courses depending on the source of dementia (e.g. large infarction versus small vessel
disease). 25 Advances in classification and clinical diagnosis of subtypes of dementia
may allow for more consistent estimation of associations with risk factors in

epidemiological studies.

Assuming causality, our results suggest that individual or population based methods to
lower blood pressure, even late in life, may further reduce the incidence of vascular
dementia. As our results also indicate that a large proportion of the association of
blood pressure with risk of vascular dementia is mediated through stroke and TIA,
efforts to prevent these forms of cerebrovascular disease, as well as efforts to rapidly
treat stroke and TIA, may further reduce the future burden of vascular dementia in
developed and developing countries. However, when considering that only 30% of the
excess risk of vascular dementia associated with a 20 mm Hg higher SBP was mediated

by future stroke or TIA in the CPRD analysis, efforts to reduce blood pressure are likely
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to have a larger impact in reducing the risk of vascular dementia than that expected

simply from prevention and treatment of overt stroke or TIA.

Our analysis of the primary care cohort has a number of strengths. It is the largest
analysis to date of the association between blood pressure and risk of vascular
dementia (Supp. Table I). It is also contemporary, with many individuals prescribed
antihypertensive medication and statins. However, our use of the primary care cohort
does have several limitations. First, recording of dementia in primary care records has
low sensitivity. 2627 Second, it is possible that the coding of vascular dementia would be
influenced by prior hypertension since hypertension is included in most diagnostic
criteria for vascular dementia.2829 Given the consequent potential circularity of
associations between blood pressure and vascular dementia, we studied the risk of all
new dementia in the OXVASC TIA and stroke cohort and found strong confirmatory
associations between prior blood pressure and dementia. Third, several of our
covariates had high rates of missingness, including 31% for BMI and 73% for total
cholesterol. However, simulation studies have suggested that multiple imputation can
produce accurate estimates even at high rates of missingness39-32 and estimates were

similar with and without adjustment for cholesterol.

In conclusion, blood pressure is continuously related to risk of vascular dementia at
baseline age of 70 years and less and prior blood pressure is a strong risk factor for
dementia during follow-up after TIA and stroke. Although the strength of these
associations declines with increasing age, previous reports of an inverse association
between blood pressure and risk of dementia in the ages 71 to 90 years was refuted.

Assuming causality, individual and population based efforts to reduce blood pressure



and reduce the complications of cerebrovascular disease may further reduce the

incidence of vascular dementia.

15
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Table 1. Risk of dementia during follow-up (excluding premorbid and baseline dementia) in relation to mean pre-morbid blood pressure

(hazard ratio per 20/10mmHg increase in mean SBP/DBP) readings in cohort of patients with a first TIA or stroke (OXVASC cohort)
stratified by measurement period (years prior to TIA/stroke), with two sensitivity analyses: 1. excluding patients on BP-lowering

medication prior to the first TIA/stroke; 2. excluding dementia with onset after recurrent stroke.

Mean SBP
10-20 years ago
5-9 years ago
<5 years ago
Most recent
Mean DBP
10-20 years ago
5-9 years ago
<5 years ago
Most recent

All patients

(n=1680; 314 events)

Unadjusted
HR (95% Cl)

(1.40-1.84)
(1.42-1.88)
(1.06-1.27)
(0.99-1.24)

= A aaa

.61
.64
.16
1M

1.27 ( )
1.13 (0.98-1.31)
1.02 (0.96-1.09)
0.89 (0.80-1.00)

1.10-1.46

Adjusted
HR (95% CI)

1.25 (1.07-1.46
1.28 (1.10-1.48
1.03 (0.95-1.12
0.98 (0.87-1.10

—_—_—_

1.19 (1.03-1.39)
1.20 (1.03-1.40)
1.03 (0.95-1.11)
1.02 (0.91-1.13)

(n=695; 92 events)

Unadjusted
HR (95% CI)

2.30
1.80
1.22
1.42

1.72-3.10
1.38-2.35
1.05-1.43
1.15-1.76

_~ e~ o~ —~
oo

1.73 ( )
1.28 (0.95-1.73)
1.09 (0.98-1.21)
1.06 (0.86-1.31)

1.27-2.34

Adjusted
HR (95% CI)

(1.12-2.19)
(0.91-1.64)
(0.93-1.21)
( )

1.57
1.22
1.06
1.11 (0.89-1.39

(1.14-2.19)
(0.92-1.72)
(0.94-1.21)
( )

1.58
1.26
1.07
1.17 (0.94-1.45

Unadjusted
HR (95% CI)

(1.37-1.82)
(1.39-1.85)
(1.07-1.29)
©

1.58
1.60
1.17
1.12 (0.99-1.26)

1.23 (1.07-1.43)
1.12 (0.96-1.30)
1.03 (0.96-1.10)

( )

0.88 (0.79-0.99

Patients not on prior BP-lowering drugs All patients (censored at recurrent stroke)
(n=1680; 287 events)

Adjusted
HR (95% Cl)

1.22
1.25
1.04
0.99

1
1
1
1

A
A
.0
.0

6
8
3
0

—~ o~~~

(
(
(
(

1.04-1.43)
1.07-1.46)
0.95-1.13)
0.88-1.12)

0.99-1.35)
1.00-1.39)
0.95-1.12)
0.90-1.13)
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Figures

Figure 1. Floating absolute risk of new onset dementia in the primary care cohort by
systolic and diastolic blood pressure, stratified by age category (30-50,51-70,71-90). Model
adjusted for BMI, smoking status, sex and an interaction term between age category and
categorical blood pressure (plotted).

Figure 2. Hazard ratio per 20 mm Hg higher usual systolic blood pressure and 10 mm Hg
higher usual diastolic blood pressure in the primary care cohort. Model adjusted for BMI,
smoking status, sex, age category, an interaction term between age category and
continuous age and an interaction term between age category and blood pressure
(plotted). No. VaD refers to the number of vascular dementia events.

Figure 3. Risk of vascular dementia by onset of dementia (early onset: age at diagnosis or
end of follow-up < 65 years, late onset: age at diagnosis or end of follow-up > 65 years),
BMI and sex for individuals 70 years or less at baseline in the primary care cohort. Models
adjusted for age, BMI, sex and smoking status. Models in subgroups further adjusted for an
interaction term between BP and age at event (plotted, Onset subgroup), BMI categories
and an interaction term between BP and BMI categories (plotted, BMI subgroup), an
interaction term between BP and sex (plotted, sex subgroup). No. VaD refers to the number
of vascular dementia events.

Figure 4. Risk of vascular dementia for individuals aged 71 to 90 years, by period of follow-
up for (A) systolic blood pressure and (B) diastolic blood pressure in the primary care
cohort. Model adjusted for blood pressure (plotted), age, sex, BMI and smoking status.
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